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TITLE OF THE INVENTION 

2-D i mens i ona I Code Formation Method and Formation Device 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

This invention relates a formation method and formation device for 
forming 2-dimensional code using laser marking, and more particularly to 
a formation method and formation device for forming 2-dimensional code that 
is suitable for managing traceability of single products, or electronic 
or electrical equipment, machinery, automobiles, housing mater ials and the 
like that are made by assembling a plurality of parts, or all kinds of 
products that include these kinds of parts. 

Description of the Related Art: 

When perf ormi ng product qua I i ty contro I , manuf actur i ng-h i story 
information, such as product-qual ity data for parts or raw materials that 
are used in manufacturing, adjustment data, which is used when adjusting 
manufacturing conditions such as temperature, time, dimension and the like, 
or when making product adjustments, or inspection data, which is obtained 
when inspecting products, is managed in a database of the product 
manufacturer. 

I n order to access the manuf actur i ng h i stor i es f or i nd i v i dua I products 
that are recorded in this database, a product number is assigned to the 
product. For example, a nameplate may be attached to products such as 
electrical equipment, and the name of the manufacturer, product name and 
number (serial number), and the like are printed on that nameplate. 

Also, in a case such as when there is an inquiry regarding product 
quality from a user who purchased a delivered product, by searching the 
database based on the serial number or the like, it is possible to access 
the manufacturing history of that product, and to provide that information. 

Moreover, by accumu I at i ng def ect information, claims or the like, and 
sending this information to the development and manufacturing departments 
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as feedback, i t i s poss i b I e to ref I ect that i nf ormat i on i n the manuf actur i ng 
process and prevent the manufacture of defective products. 

Furthermore, there is known technology in which instead of accessing 
a database, the manufacturing-history information is converted to 
2-d i mens i ona i code, and a printed label or the I ike on which this converted 
2-dimensional code is printed is attached or applied to the product, and 
the product manufacturing-history information is obtained directly from 
that 2-dimensional code (refer to Japanese published patent application 
No. 2003-140726). 

However, in the methods described above of storing 
manufacturing-history information in a database or 2-dimensional code, 
even though it was possible to obtain history information for a product, 
it was not possible to obtain history information for each individual part 
of the product. 

Also, even though it may have been possible to identify a defective 
part from information such as defect information, claims or the I ike, it 
was not possible to obtain the manufacturing-history information for that 
defective part, or it took a long time to access the manufacturing-history 
information for a defective part, so there were problems in that it was 
not poss i b I e to effect i ve I y avo i d manuf actur i ng defect i ve parts, or i t took 
a long time unti I it was possible to avoid manufacturing defective parts. 
Also, it requi red much time to respond to inqui r ies or claims from a consumer 
regarding product quality. 

In the case of 2-dimensional code, the code size is changed according 
to the amount of information. For example, in the case where the eel I size 
is 1 mm and the data to be coded is '01234', the 2-dimensional code that 
is generated is as shown in Fig. 28A. The 2-dimensional code that is shown 
in Fig. 28A is 10 eel Is (vertical) x 10 eel Is (horizontal), and the overal I 
size is 10 mm x 10 mm. On the other hand, in the case where the data to 
be coded is '0123456789', the 2-dimensional code that is generated is as 
shown in Fig. 28B. The 2-dimensional code shown in Fig. 28B is 12 cells 
(vertical) x 12 eel Is (horizontal), and the overal I size is 12 mm x 12 mm. 
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The size of the 2-d i mens i ona I code differed in this way according to the 
amount of stored information. 

In order to mark different data using the same size, technology has 
been proposed in which first, the code size is specified, and then it is 
possible to form 2-d i mens i ona I code having a desired size (see Japanese 
published patent application No. H1 1-167602) . 

However, in the prior art disclosed in the aforementioned patent 
document 1, laser marking is performed for eel Is that wi 1 1 be black eel Is 
using a spiral -shaped plotted pattern, so there is a problem in that 
controlling the operation of the laser device becomes difficult. Also, 
by specifying the code size, it is possible for 2-d i mens i ona I code to have 
a desired size, however, since spi ra I -shaped laser printing is performed, 
in order to print the specified size, it is necessary to control the 
operation of the laser with high precision. Furthermore, since laser 
marking is performed using a spi ra I -shaped plotted pattern, there is a 
problem in that forming an extremely minute 2-d i mens i ona I code becomes 
difficult. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a 2-d i mens i ona I 
code format i on method and format i on dev i ce capab I e of form i ng 2-d i mens i ona I 
code, having a desired size and using simple device construction and high 
precision, regardless of the amount of information such as text or images 
to be written in the code. 

Moreover, it is the object of the present invention to provide a 
2-d i mens i ona I code formation method and formation device that make it 
possible to effectively avoid the manufacture of defective products by 
attaching 2-d i mens i ona I code to a single product or to each individual part 
of a product, and reflecting that 2-d i mens i ona I code in the manufacturing 
process, and to quickly respond to inquiries or claims from consumers 
regarding product quality. 
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The aforementioned problems are solved by a method of forming 
2-d i mens i ona I code of a f i rst c I a i m of the i nvent i on that compr i ses : a step 
of spec i f y i ng the code s i ze for the 2-d i mens i ona I code ; a step of spec i f y i ng 
storage information to be written in the 2-d i mens i ona I code; a step of 
setting the cell size for a unit cell of the 2-d i mens i ona I code; a step 
of specifying the dot step size or number of dots n x m (where n and m are 
natural numbers) to be arranged vertical I y and horizontally inside the unit 
ce 1 1 ; a step of gener at i ng I aser-mar k i ng i nf ormat i on based on the code s i ze r 
storage information, eel I size and step size or number of dots; and a step 
of laser marking 2-d i mens i ona I code based on the laser-marking information. 

Construction can also be such that the cell size of said unit cell 
is changed according to the code size and storage information. 

Construction can also be such that the eel I size of the unit eel I is 
calculated based on a preset number of cells. 

With the 2-d i mens i ona I code formation method of this invention, the 
cell size is set according to the specified code size and specified 
information; and by doing so, it is possible to form 2-d i mens i ona I code 
having a specified size regardless on the amount of information. Also, 
in the 2-d i mens i ona I code formation method of this invention, the cells 
to be laser marked are divided into a grid having n rows and n columns or 
m rows and n columns according to the specified step size or number of dots, 
and dots are laser marked within this grid. In this way, laser marking 
of a unit cell is performed by dot marking, so it is possible to prevent 
marking errors such as protruding out of the marked area to the right or 
left, or the occurrence of blank areas. Furthermore, by changing the eel I 
size, it is possible to store different amounts of information in 
2-d i mens i ona I code having the same size, so it becomes possible to attach 
the desired information as 2-d i mens i ona I code without being I i mi ted by the 
amount of surface area of the marking location. Also, since laser marking 
is performed using dots, for example, 1 dot per cell, it is possible to 
create 2-d i mens i ona I code having a very small size. 

Moreover, by specifying the code size and number of cells, the size 
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of the unit cells of the 2-dimensional code is unified, so a reader can 
read information by reading cells all having the same size. 

Also, the 2-dimensional code formation method of this invention is 
a method of forming 2-d i men i sona I code on a product including a single part 
or a plurality of parts, and comprising: a 
manuf actur i ng-h i story- i nf ormat i on-acqu i s i t i on step of acqu i r i ng 
manufacturing-history information for a part; a 
2-dimensional -code-conversion step of converting data that includes an ID 
number for identifying manufacturing-history information or includes the 
manufacturing-history information for the part into 2-dimensional code; 
a parameter-sett i ng step of sett i ng the s i ze of the converted 2-d i mens i ona I 
code according to the part; and a laser-marking step of laser marking 
2-d i mens i ona I code hav i ng a set s i ze d i rect I y on the part by a I aser maker. 

Since manufacturing-history information is acquired for all of the 
component parts of a product made from a s i ng I e part or a p I ura I i ty of parts, 
the size of the 2-dimensional code, which is data that includes an ID number 
for accessing manufacturing-history information or includes the 
manufacturing-history information itself that has been converted to 
2-dimensional code, is set according to the part/parts, the set 
2-dimensional data is laser marked directly on the part/parts by a laser 
marker, and the product that is made from the marked part/parts is 
manufactured, when there is a problem with a product, by identifying the 
defective part, it is possible to know the ID number by reading the 
2-dimensional code that is attached to that defective part. 

It is possible to access the manufacturing-history information based 
on that ID number. Also, by marking 2-dimensional code that includes a 
I arge amount of i nf ormat i on re I ated to mater i a I s, manuf actur i ng cond i t i ons, 
and finished product quality, it is possible to quickly handle inquiries 
or c I a i ms re I ated to product qua I i ty by d i rect I y read i ng that 2-d i mens i ona I 
code without having to access separately stored manufacturing-history 
information. 

Also, since the 2-dimensional code is set according to the size of 



the part or the I ike, it is possible to mark 2-d i mens i ona I code regardless 
of the size of the part. By making the size of the 2-d i mens i ona I code very 
smal I for a very smal I part, and marking the part with that 2-d i mens i ona I 
code, or by free I y sett i ng the s i ze of the 2-d i mens i ona I code for very I arge 
parts and marking the part with that 2-d i mens i ona I code, it is possible 
to attach 2-d i mens i ona I code to all parts, and to access 
manufacturing-history information from that 2-d i mens i ona I code. 

Also, by marking 2-d i mens i ona I code that includes a large amount of 
information related to material, manufacturing conditions, and finished 
product qua I ity, by directly reading that 2-d i mens i ona I code without having 
to access separately stored manufacturing-history information, it becomes 
possible to quickly respond to inquiries or claims related to product 
qua I ity. 

Moreover, in the laser-marking process, it is possible to form the 
2-d i mens i ona I code based on the size of 2-d i mens i ona I code that was set 
in the parameter-setting process, by forming: unit eel Is in which dots that 
are formed by laser-beam irradiation are arranged vertically and 
hor i zonta 1 1 y n x m (where n and m are natura I numbers) ; un i t ce 1 1 s i n wh i ch 
a rectangular shape is filled in by continuous laser-beam irradiation; or 
unit cells that are contained within a rectangular shape by continuous 
laser-beam irradiation. 

Marking 2-d i mens i ona I code in this way can be performed by various 
methods. Particularly, in marking using dots (so-ca I led dot marking) , by 
arranging dots inside a eel I vertical ly and horizontal ly, it is possible 
to form cells having a uniform depth, so it is possible to improve the 
precision for reading the 2-d i mens i ona I code. 

Also, it is preferable that the laser-marking step includes a step 
of read i ng the 2-d i mens i ona I code that was I aser marked and check i ng whether 
or not marking of the 2-d i mens i ona I code is correct. 

The device that makes possible the aforementioned 2-d i mens i ona I code 
formation method comprises: information-acquisition means for acquiring 
the code size of 2-d i mens i ona I code, storage information that is to be 
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written in the 2-dimensional code, and the dot step size or number of dots 
n x m (where n and m are natural numbers) that are arranged vertical ly and 
horizontally inside a unit cell of the 2-dimensional code; calculation 
means for performing a process of calculating the cell size of the unit 
cell based on the code size and storage information, and a process of 
generating laser-marking information based on the code size, storage 
information, cell size and dot step size or number of dots; and 
laser-marking means for performing laser marking of 2-dimensional code 
based on the laser-marking information. 

It is preferable that in the calculation means it be possible to 
perform a process of changing the eel I size of the unit eel I based on change 
information for the storage information that was acquired by the 
information-acquisition means, and to generate 2-dimensional code having 
the same s i ze by chang i ng the ce 1 1 s i ze of the un i t ce 1 1 even when the storage 
information has been changed. 

Also, the calculation means performs a process of generating different 
laser-marking information based on change information for the step size 
or number of dots that was acquired by the information-acquisition means. 

Moreover, the 2-dimensional code formation device comprises: 
i nf ormat i on-acqu i s i t i on means for acqu i r i ng the code s i ze of 2-d i mens i ona I 
code, storage information that is to be written in the 2-dimensional code, 
the number of unit eel Is of the 2-dimensional code, and the dot step size 
or number of dots n x m (where n and m are natural numbers) arranged 
vertical ly and horizontally inside a unit eel I of the 2-dimensional code; 
calculation means for performing a process of calculating the cell size 
based on the code size and number of cells, and a process of generating 
laser-marking information based on the code size, storage information, cell 
size, and dot step size or number of dots; and laser-marking means for 
performing laser marking of 2-dimensional code based on the laser-marking 
information. 

Here, it is preferable that the calculation means is able to perform 
a process of chang i ng the ce 1 1 s i ze of un i t ce II s based on change i nf ormat i on 



7 



for the number of cells that was acquired by the information-acquisition 
means, and to generate 2-dimensional code of the same size by changing the 
cell size of the unit cell even when the number of cells is changed. 

Also, the calculation means performs a process of generating different 
laser-marking information based on change information for the step size 
or number of dots that was acquired by the information-acquisition means, 
and generates 2-dimensional code having different density when the step 
size or the number of dots is changed. 

Moreover, the 2-dimensional code formation device of this invention 
is a device that forms 2-dimensional code on a product that is made from 
a single part or a plural ity of parts, and comprises: means for acquiring 
manufacturing-history information for the part/parts of the product; means 
for storing the acquired manufacturing-history information; means for 
converting data, which includes an ID number identifying the 
manufacturing-history information, or includes the manufacturing-history 
information, to 2-dimensional code; and means for performing laser marking 
of 2-dimensional code directly on the part/parts based on the size of 
2-dimensional data that was set for the part/parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing for explaining the overall construction of the 
laser-marking device of a first embodiment of the invention. 

Fig. 2 is a drawing for explaining the construction of a laser marker 
of the first embodiment of the invention. 

Fig. 3 is a drawing that shows an example of 2-dimensional code. 

Fig. 4 is a drawing that shows an example of 2-dimensional code. 

Fig. 5 is a drawing for explaining a dot-marked cell. 

Fig. 6 is a drawing for explaining a vector-marked cell. 

Fig. 7 is a drawing for explaining a dot-marked cell. 

Fig. 8 is a drawing for explaining a vector-marked cell. 

Fig. 9 is a drawing for explaining information that is encoded in 
2-dimensional code. 
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Fig. 10 is a drawing that shows an example of 2-d i mens i ona I code 
created based on input information. 

Figs. 11 A, 1 1B and 1 1 C are drawings that show 2-d imensi ona I code having 
the same code size, but a different number of eel Is and storage information. 

Figs. 12A and 12B are drawings that show 2-d imensi ona I code having 
the same code s i ze, but a d i f f er ent number of ce 1 1 s and storage i nf ormat i on. 

Figs. 13A, 13B, 13C and 13D are drawings that show 2-d imensi ona I code 
have the same code size and storage information, but a different number 
of eel Is. 

Fig. 14 is a flowchart showing the processing flow for inputting 
settings for creating 2-d imensi ona I code. 

Fig. 15 is a flowchart showing the processing flow for inputting 
settings for creating 2-d imensi ona I code. 

Fig. 16 is a drawing that shows an example of an information- input 
screen for creating 2-d imensi ona I code. 

Fig. 17 is a drawing that shows an example of a confirmation screen 
for confirming created 2-d imensi ona I code. 

Fig. 18 is a drawing that shows an example of a 
cor recti on- information- input screen for created 2-d i mens i ona I code. 

Figs. 19A and 19B are drawings for explaining the dot marking process. 

Figs. 20 is a drawing showing the flow of manufacturing-history 
information and parts of this invention. 

Fig. 21 is a drawing for explaining the traceabi I ity management system 
of this invention. 

Figs. 22A and 22B are drawings for explaining the 2-d imensi ona I code 
of this invention. 

Fig. 23 is a drawing that shows the operation processes of this 
invention. 

Fig. 24 is a drawing for explaining another traceabi I ity management 
system of this invention. 

Fig. 25 is a drawing for explaining the cells of this invention. 
Figs. 26A and 26B are drawings for explaining the 2-dimensional code 
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of this invention. 

Figs. 27A and 27B are drawings for explaining another traceability 
management system of this invention. 

F i gs. 28A and 28B ar e draw i ngs for exp I a i n i ng an examp I e of pr i or art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

The preferred embodiments of the invention will be explained below 
based on the drawings. The materials, arrangements and the I ike explained 
below do not limit the invention, and can be changed in various ways within 
the scope of the invention. 

The 2-dimensional code of the embodiments is formed using a 
dot-marking method such that I ight-colored and dark-colored unit eel Is are 
arranged in a matrix shape. It is possible to use a data matrix, QR code 
or the like as the format for the 2-dimensional code. 

The dot-marking method is a method of generating 2-dimensional code 
by forming a plurality of dots on the object to be marked, and in this 
specification, includes both laser-marking methods and printing methods. 

Fig. 3 and Fig. 4 show examples of 2-dimensional code. The 
2-dimensional code displays data that is expressed in a pattern of light 
and dark by combining white and black cells that have been arranged in a 
matrix shape. The 2-dimensional code formation device of this embodiment 
employs the so-called dot-marking method for forming the black cells of 
the 2-dimensional code. 

I n the case of generat i ng the 2-d i mens i ona I code shown i n F i g. 3 us i ng 
dot marking, the unit cell has a square shape, so as shown in Fig. 5, the 
unit eel I that wi 1 1 become a black eel I is formed by laser marking n x m 
(where n and m are natural numbers) circular dots in the vertical and 
horizontal direction. The circular dots can be arranged inside the cell 
by irradiating a laser beam intermittently whi I e control I ing the location 
i r radiated by the laser-beam. Instead of being ci rcu I ar in the planar view, 
the dots could also be rectangular in the planar view. 
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Also, instead of arranging one or a plural ity of dots inside one eel I, 
it is possible to set more than the number of dots that will fit in one 
eel I, and perform marking using the so-cal led vector-marking method. As 
shown in Fig. 6, in vector marking, the 2-d i mens i ona I code is formed by 
irradiating a laser such that the dots overlap. Also, the 2-dimensional 
code can be formed by moving the location of irradiation of the laser beam 
in the vertical or horizontal direction while continuously performing 
irradiation with the laser beam, to fill in the cell with a line having 
the width of the beam. 

Also, in the case of creating the 2-d i mens i ona I code shown in Fig. 
4 using dot marking, the unit cell is a rectangle, so as shown in Fig. 7, 
a eel I that wi 1 1 become a black eel I is formed by laser marking n x m (where 
n and m are natural numbers) circular dots in the vertical and horizontal 
direction. When doing this, vector marking can also be performed as shown 
in Fig. 8. 

Fig. 1 is a drawing for explaining the overall construction of the 
laser-marking device of the invention. 

This laser-marking device is a device that can suitably be used for 
marking a marking pattern such as 2-d i mens i ona I code, text, graphics, 
symbols, images and the like on work (object to be marked) W, and mainly 
comprises a data-control device 10 and laser marker 40. 

The data-control device 10 comprises: a CPU 11 that performs various 
control; an input unit 12 having a keyboard, mouse or the like; a display 
unit 13 having a monitor, LCD or the like; an output unit 14 having an 
input/output device or the like that outputs to a printer or 
electronic-memory medium; an input/output unit 15 having a modem or the 
like; and a memory unit 16 having a HDD, memory or the like. The memory 
unit 16 stores a control program 16a, RAM 16b that is used as a work area, 
a database 16c in which product-history information for a product 72 used 
in traceability management (described later) is saved, and parameter 
information 16d in which various parameters used when performing laser 
marking are saved. 
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It is also possible to store the database 16c in a separate device, 
and to access the database 16c from the data-control device 10. Also, 
construction is possible in which the database 16c is copied and stored 
in an external device (not shown in the figure) when handling inquiries 
regarding product quality, claims or the like. 

Furthermore, information that is input from the input/output unit 15 
and stored in the memory unit 16 includes: code size, storage information 
that is written in the code, step size of the dots that are arranged in 
a unit eel I of the code, information about the material to be marked, etc. 
The step size is the distance between the centers of dots that are laser 
marked on the material to be marked. Also, when the number of cells is 
fixed, information relating to the number of cells is input from the 
input/output unit 15. Of the input information, the input for settings 
for generating 2-d i mens i ona I code will be explained in detail. 

Also, the input/output unit 15 can be connected to a communication 
network I, and the data-control device 10 can then receive various 
information such as manufacturing-history information of a product from 
an externa I commun i cat i on term i na I via the commun i cat i on network I . A I so, 
the data-control device 10 can access the communication terminal via the 
communication network I and download manufacturing-history information, 
and then store it in the database 16c. 

Based on the control program 16a, the CPU 11 stores the 
manufacturing-history information for the product 72 that was received via 
the input/output unit 15 in the database 16c of the memory unit 16. Also, 
the CPU 11 can obtain from the input unit 12 data that has been manual ly 
input or data that is stored on an electronic medium, and then store that 
data in the database 16c. The CPU 11 converts the data stored in the 
database 16c into 2-d i mens i ona I code based on input from the operator, and 
sends a control signal for performing marking to the data-control device 
10 via a sequence terminal 20. 

Fig. 2 shows the construction of the laser marker 40. In order for 
the laser marker 40 to perform marking of dots having a prescribed depth 
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and that are circular in the planar view, for example, on the product 72 
according to a control signal from the data-control device 10, a control ler 
42 controls an ultrasonic wave Q switching element 43, internal shutter 
44, external shutter 45, attenuator (optical attenuator) 46 and 
galvanometer mirror 47, and performs marking of one dot using one or a 
plurality of Q switch pulses. 

Also, in the same figure, reference number 51 is a full reflective 
mirror, 52 is a internal aperture (mode selector), 53 is a lamp housing, 
54 is an output mirror, 55 is an aperture, 56 is a level ing mirror, 57 is 
a Gal i lean expander, 58 is an aperture, 59 is an f-6 lens, and 50 is a laser 
osci I lator. 

The CPU 1 1 performs the requ i red data process i ng accord i ng to a program, 
and controls each of the units inside the device. The CPU 11 of this 
embodiment performs processing for calculating the eel I size based on the 
specified code size and storage information, or based on the specified code 
size and number of cells. Moreover, based on the specified code size, 
storage information, cell size and step size, the CPU 11 performs processing 
for generating laser marking information for the laser marker 40 to perform 
laser marking. Furthermore, when the storage information and step size 
are changed, the CPU 11 performs processing for changing the laser marking 
information based on the changed information. 

The CPU 11 performs calculation for generating 2-dimensional code 
using the specified size. The CPU 11 calculates the size of the cells of 
the 2-dimensional code based on the specified code size and amount of 
information that is stored, or the specified code size and the number of 
cells. In the case of calculated the cell size from the specified code 
size and amount of stored information, the eel I size is found by dividing 
the specified code size by the number of code when encoding the storage 
information into 2-dimensional code. 

For example, suppose that the code size is specified as 5 mm x 5 mm, 
and the storage information is '01234'. In this case, as shown in Fig. 9, 
when encoding '01234' into 2-dimensional code, it is represented using the 
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numbers 0 or 1 arranged in a 10 (vertical) x 10 (horizontal) matrix form. 
The eel I size at this time is found to be 5 mm/10 = 0. 5 mm (vertical), and 
5 mm/10 = 0.5 mm (horizontal). 

In the case where the code size and number of cells are specified, 
the cell size is found by dividing the specified code size by the number 
of cells. For example, when the code size is specified as 5 mm x 5 mm, 
and the number of cells is specified as 20 (vertical) x 20 (horizontal), 
the cell size is found to be 5 mm/20 = 0.25 mm (vertical) and 5 mm/20 = 
0.25 (horizontal). 

Furthermore, the CPU 11 acquires information related to the step size 
of the dots that are laser marked in each eel I, and creates laser-marking 
information based on the code size, storage information, cell size and step 
size. The laser-marking information is information that gives 
i nstruct i ons to the I aser marker 40 of how to mark the mater i a I to be marked, 
and it includes parameter information such as dot coordinate information, 
laser wavelength, 0 switch frequency, laser power, dot density, dot 
irradiation time, number of markings, etc. 

The laser-marking information created by the CPU 11 is sent to the 
laser marker 40. On the side of the laser marker 40, the controller 
controls each of the units based on the sent laser-marking information, 
and the laser marker 40 performs laser marking according to the 
laser-marking information. The laser marker 40 reads the coordinate 
information for each of the dots from the received laser-marking 
information, and performs laser marking of the material to be marked based 
on that coordinate information. 

Fig. 10 shows an examp I e of 2-d i mens i ona I code that was generated based 
on information that was input by the user. The 2-d i mens i ona I code that 
is shown in the figure has a code size of 5 mm (vertical) x 5 mm (horizontal) 
that was specified by the user, a cell size of 0. 5 mm x 0. 5 mm that was 
calculated according to the amount of input information, a dot diameter 
of 0.05 mm formed by laser marking, and a step size of 0.1 mm that was 
specified by the user. 
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As shown in Figs. 11A, 1 1 B and 11C, with the 2-dimensional code 
formation method of this invention, regardless of how small or large the 
amount of data contained in the 2-d i mens i ona I code is, it is possible to 
keep the size of the 2-d i mens i ona I code fixed. In other words, when the 
amount of data is small as shown in Fig. 11 A, the entire number of cells 
of the 2-dimensional code decreases, however, the size of the unit cell 
becomes large. In this case, the unit eel I is constructed with dots that 
are arranged 6x6. On the other hand, when the amount of data is large 
as shown in Fig. 11B, the entire number of dots of the 2-d i mens i ona I code 
increases, however, the size of the unit eel I becomes smal I. Inthiscase, 
the unit eel I is constructed with dots that are arranged 3x3. In Figs. 
1 1 A and 11B, the size and step size of each of the dots is set to be the 
same. 

In this way, it is possible to fix the size of the 2-dimensional .code 
regardless of whether the amount of data is large or smal I, so even in the 
case where there is only limited space for marking, the size of the 
2-dimensional code does not increase according to the amount of data, so 
it is possible to include all of the necessary data in the 2-dimensional 
code. This embodiment is an example in which the size and step size of 
the dots is fixed, however, of course it is also possible to change the 
s i ze and step s i ze of the dots, and su i tab I y set the un i t ce 1 1 . For examp I e, 
as shown in Fig. 12A, in the case where the dots in 1 cell are arranged 
3x3, by making the step size smal I, it is possible to make the eel I size 
smal I as shown in Fig. 12B. By changing the step size in this way, it is 
possible to correspond to increases or decreases in the number of unit 
eel Is. 

When changing the step size, as the step size becomes larger, the dot 
density becomes coarser, so it is possible to increase the density of the 
code. In this way, even for the same 2-dimensional code, it is possible 
to adjust the code density by increasing or decreasing the step size. 

Also, in the case where the step size is zero, or in other words, when 
there is only one dot per cell as shown in Fig. 11C, it is possible to 
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increase the number of unit cells by decreasing the cell size, and thus 
i t i s poss i b I e to store more i nf ormat i on us i ng 2-d i mens i ona I code. I n th i s 
state, by making the size of the dots small, it is possible to further 
increase the number of unit cells, and thus it is possible to store more 
information. Moreover, by performing laser marking so that there is only 
1 dot per ce 1 1 , it becomes poss i b I e to form 2-d i mens i ona I code at h i gh speed. 

When there is 1 dot per eel I, it is necessary that dot marking be 
performed within a unit cell such that the unit cell can be recognized. 
In other words, as the cell size increases, it is necessary that the size 
of the dot formed inside the unit eel I become larger. In order to do this, 
a dot with an suitable size can be formed inside a unit eel I by specifying 
optimal values for the laser wavelength, laser power, Q switch frequency, 
dot irradiation time, number of markings, and the like according to the 
material to be marked and the cell size, or by replacing the lens of the 
laser marker 40. 

Figs. 13(a) to 13(d) are drawings that show 2-d i mens i ona I code for 
which the code size and number of eel Is are set in advance. Figs. 13(a) 
and 13(b), and Figs. 13(c) and 13(d) have the same code size and storage 
information, however, the number of cells is different. In other words, 
in Figs. 13(a) and 13(b) the information is the same '01234% however, the 
number of cells in Fig. 13(a) is 10 (vertical) x 10 (horizontal), and the 
number of cells in Fig. 13(b) is 22 (vertical) x 22 (horizontal). Also, 
in Figs. 13(c) and 13(d) the same information '01 23456789' is stored, however, 
the number of cells in Fig. 13(c) is 10 (vertical) x 10 (horizontal), and 
the number of cells in Fig. 13(d) is 22 (vertical) x 22 (horizontal). In 
the case where the number of cells is specified in advance in this way, 
it is possible for the 2-d i mens i ona I code to perform a display related to 
the same information within the range of the specified number of cells. 
However, when the number of cells is specified, the maximum amount of 
information that can be stored is limited. 

When forming 2-d i mens i ona I code, by specifying the number of cells, 
it is possible to form the 2-d i mens i ona I code so that it always has the 
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same number of eel Is regardless of the amount of information. Therefore, 
when read i ng the 2-d i mens i ona I code, i t i s poss i b I e f or the reader to a I ways 
read code having the same cell size, thus making it possible to simplify 
adjustment when reading, and to accurately read data. 

The input of settings for generating the 2-d i mens i ona I code of this 
embodiment was explained here. Fig. 14 and Fig. 15 show a flowchart of 
the processing by the CPU 11 when inputting settings. When inputting 
settings, an input screen as shown in Fig. 16 is displayed on the display 
13 of the data-control device 10. On the input screen, there is: an 
i nf ormat i on- i nput sect i on N1 for i nput re I ated to the mater i a I to be marked ; 
an information- input section N2 for information related to the code size 
and number of cells; an information- input section N3 for information 
related to storage information; and an information- input section N4 for 
information related to the step size; and information is input in the 
respective section. A suitable value for the step size is displayed in 
the information- input section N4 according to the material to be marked 
and conditions when performing laser marking. In the case of laser marking 
i n wh i ch dots hav i ng a d i ameter of 0. 003 mm are formed on a meta 1 1 i c surface, 
for example, suitable values of 0.005 mm to 0.01 mm for ceramic, 0.01 mm 
to 0.02 mm for resin or plastic, 0.01 mm to 0.02 mm for painted surfaces, 
0. 003 mm to 0. 01 mm for aluminum, 0. 003 mm to 0. 01 mm for stainless steel , 
0. 006 mm to 0. 02 mm for glass, and 0. 006 mm to 0. 02 mm for paper are presented. 
By referencing these suitable values, the user inputs the step size. 

In the case where the marking material is ceramic and it is desired 
to increase the dot density to make a dense marking, a step size of 0.005 
mm is specified, and when it is desired to decrease the dot density to make 
a thin marking, a step size of 0.01 mm is specified. The step size is not 
limited to the suitable range, and values outside this range can also be 
specified. For example, when the step size is zero, laser marking will 
be performed with 1 dot per cell as shown in Fig. 11C. 

Materials to be marked include ceramic, resin or plastic, painted 
surfaces, aluminum, silicon, glass, stainless steel, paper, wood, leather, 
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cloth, jewelry, etc. First, in step SI, the CPU 11 determines whether or 
not one of the specified materials has been selected. After it has been 
determined that a specified material has been selected (step S1 : Yes), the 
CPU 11 reads the conditions from the parameter information stored in the 
memory unit 16 for performing laser marking (step S2). When it is 
determined that a specified material has not been selected (step S1 : No), 
this process continues until a specified material has been selected. 

Next, in step S3, the CPU 11 determines whether or not the code size 
has been specified. In order to specify the code size, the user inputs 
values for the width and height in the i nf ormat i on- i nput section N2 for 
information related to code size on the display screen shown in Fig. 16. 
When the code size has been specified (step S3: Yes), the input data is 
received by the data-control device 10, and together with being stored in 
the memory unit 16, it is recognized by the CPU 11 (step S4). When the 
code size is not specified (step S3: No), the process is repeated until 
it is specified. 

Furthermore, in step S5, the CPU 11 determines whether or not the 
information to write into the 2-d i mens i ona I code has been input. When the 
storage information has been input (step S5: Yes), the input data is 
received by the data-control device 10. and together with being stored in 
the memory unit 16, it is recognized by the CPU 11 (step S6). 

Next, in step S7, the CPU 11 determines whether or not the number of 
ce 1 1 s has been spec i f i ed. When the number of ce 1 1 s has been spec i f i ed (step 
S7: Yes), the input data is received by the data-control device 10, and 
together with being stored in the memory unit 16, it is recognized by the 
CPU 11 (step S8). When the number of cells has not been specified (step 
S7: No), the CPU 11 advances to step S9. 

In step S9, the CPU 11 calculates the size of the cells of the 
2-dimensional code. When the number of cells was specified in step S7, 
the CPU 11 calculates the eel I size based on the code size and the number 
of cells. When the number of cell was not specified in step S7, the CPU 
11 calculates the cell size based on the code size and the storage 
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i nf ormat i on. 

Next, in step S10, the CPU 11 determines whether or not the step size 
has been specified (step S10). When the step size is specified (step S10: 
Yes), the input data is received by the data-control device 10, and together 
with being stored in the memory unit 16, it is recognized by the CPU 11 
(step S11). When the step size is not specified (step S10: No), the CPU 
11 determines that the 2-dimensional code is to be formed using standard 
dens i ty, and sets the step s i ze to an i ntermed i ate va I ue w i th i n the su i tab I e 
range, then advances to step S12. 

In step SI 2, the CPU 11 creates laser-marking information according 
to the code size, storage information, cell size and step size in order 
for the laser marker 40 to perform laser marking. 

In step S13, the 2-dimensional code that was set in the process 
described above is displayed on the display 13 of the data-control device 
10. At that time, a screen as shown in Fig. 17 is displayed on the display 
13. This kind of display on the display 13 can be performed automatical ly 
at the instant that setting ends, or can be displayed only when there is 
a prev i ew request from the user. The user I ooks at the d i sp I ay 1 3 and checks 
whether or not the 2-dimensional code is okay. In step S14 the user 
determines whether or not it is necessary to correct the storage information 
or step size. When there are no corrections, the user clicks on the OK 
button (step S14: No), and the CPU 14 advances to step S20. When there 
is a correction request from the user (step S14: Yes) and correction 
information is input for the storage information or step size, that 
correction information is recognized by the data-control device 10 and 
displayed on a correction screen as shown in Fig. 18 (step SI 5). 

On the correction screen, correction information for the storage 
information or step size is input. After the correction information has 
been input, that information is received by the data-control device 10, 
and together with being stored in the memory unit 16, it is recognized by 
the CPU 11 (step S16). 

On the correction screen, it is preferable that each time the user 
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performs a change instruction and the displayed 2-dimensional code is 
changed, that the correction process be possible whi le the user checks the 
status of the 2-dimensional code. 

Also, the CPU 11 performs the correction process (step S17) and 
determines whether or not correction is complete (step SI 8). When 
correction is not complete (step S18: No), the CPU 11 repeats the process 
from step S15 to step S17. When the CPU 11 determines that correction is 
complete (step S18: Yes), it then corrects the laser-marking information 
in step S19 based on the changed storage information and step size. Also, 
in step S20, the CPU 11 sends the laser-marking information to the laser 
marker 40. The contro 1 1 er 42 of the I aser marker 40 contro I s the u 1 1 rason i c 
0 switch element 43, internal shutter 44, external shutter 45, attenuator 
46 and galvanometer mirror 47, and forms the specified 2-dimensional code 
on the material to be marked by laser marking. When performing laser 
marking, marking is performed in the order shown in Fig. 19A. Also, marking 
in each cell is performed by dot marking in the direction shown in Fig. 
19B. 

In this way, with the 2-dimensional code formation method of this 
invention, when the number of cells for a specified code size is 10 x 10, 
for example, it is possible to store 6 characters of numeric characters 
or 3 characters of alphanumeric characters, and 1 character in the case 
of binary. Also, even when the code size is the same and the number of 
cells is 144 x 144, it is possible to store a large amount of information 
such as 3,116 characters of numeric text, or 2,335 characters of 
alphanumeric text, or in the case of binary, 1, 556 characters. Therefore, 
even in locations where the space for marking is limited, it is possible 
to write a lot of information in a smal I space. Also, of the unit eel Is, 
the cells that will become black cells are formed by dot marking, so by 
adjusting the distance between dots, which is the step size, it is possible 
to handle cells of any size. Moreover, by adjusting the step size it is 
possible to form 2-dimensional code having a desired density. 

Also, in this embodiment, the 2-dimensional code is formed in a good 
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state by laser marking di recti y onto the mater ia I to be marked. Therefore, 
compared with applying printed 2-d i mens i ona I code onto a different mater ial, 
or forming i t by pr inting, it is possible to maintain the information over 
a long period of time without pealing or fading. 

Moreover, since marking is dot marking, it is possible to affix 
2-d i mens i ona I code to any material when performing laser marking better 
than in the case of vector marking, in which laser marking of the material 
to be marked is performed continuously; and the marking has good resistance 
to weather, corrosion and impact without continuous minute scratches or 
the like in the area of marking. Particularly, when performing laser 
marking on a transparent material such as glass, marking is performed we 1 1 
without the cracking that occurs when marking the transparent material 
being contained in the dots, and without cracking occurring outside the 
range of the 2-d i mens i ona I code that i s formed by dot mark i ng. When mark i ng 
a metal I ic material, by making the depth of the dots between 1 urn and 20 
tim, and when marking a painted surface, by making the depth of the dots 
between 1 fim and 10 //m, marking is performed well, and it is possible 
to prevent degradation of the marked material. 

In the embodiment described above, a method of specifying the step 
size in order to set the dot density was explained, however, instead of 
the step size, a method of specifying the number of dots is also possible. 
The step size and number of dots have a correlative relationship, and by 
setting one, the other is also set. 

Furthermore, i n the embod i ment descr i bed above, when chang i ng the ce 1 1 
size in accordance to the amount of information, an example was given of 
handling the change by changing the step size of the dots within a unit 
cell. In the case where instead of dot marking, vector marking in which 
n vertical straight lines and m horizontal straight lines are marked, it 
is possible to adjust the size of the eel Is by changing the length of the 
straight lines, or by changing the number of straight lines. 

Next, the construction for using the aforementioned 2-d i mens i ona I 
code to perform traceability management of a product will be explained. 
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In this embodiment, an electrical device 70 wi 1 1 be explained as the 
product. The product in this invention it taken to be all products 
i nc I ud i ng el ectron i c or el ectr i ca I dev i ces, mach i nery, automob i I es f 
housing material and parts that include these in which one or a plurality 
of parts are assembled. The electrical device 70 is constructed by 
assembl ing a plural ity of parts 72 (72a, 72b...). As shown in Fig. 20, parts 
that are ordered by product manufacturer A are delivered to product 
manufacturer A from the respective product manufacturers B. 

Also, after the parts 72 have been delivered to the product 
manufacturer A, manufacturing-history information for parts 72 is sent to 
product manufacturer A from the respective product manufacturers B over 
a communication network I such as the Internet. This 
manufacturing-history information can be identified by delivery numbers 
or the like that are attached to the respective delivered parts 72. 

At the product manufacturer A, a data-control device 10 receives the 
manuf actur i ng-h i story i nf ormat i on, and the rece i ved manuf actur i ng-h i story 
information is correlated with the respective parts 72 by the delivery 
numbers or the like, and identified. The manufacturing-history 
information includes information such as the manufacturing date, 
manufacturing line number, product number, manufacturing supervisor's 
number, lot number of parts used, inspection results, shipping tray number, 
details about the material, manufacturing conditions, etc. 

Also, the parts 72 are divided according to ID numbers, and the 
manufacturing-history information that was identified according to the 
del ivery number is stored in a database 16c inside the data-control device 
10 (described later) based on ID numbers. When doing this, the part 
manufacturer's code, part code, delivery number, etc, are added in the 
database 16c. In other words, even for identical parts 72, different ID 
numbers are given to parts having different manufacturing dates and 
manufacturing- I ine numbers, and parts 72 having identical ID numbers are 
considered to be identical parts. Therefore, by identifying the ID number, 
it is possible to access the manufacturing-history information in the 
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database 16c for that part 72. 

In this embodiment, the manufactur ing-hi story information is received 
by the data-control device 10 via the communication network I and stored 
in the database 16c, however, the invention is not limited to this, and 
it is possible to manual ly input data in the database 16c such as the part 
number that is affixed to the container package in which a del ivered part 
is stored, or to read information contained in a barcode, 2-dimensional 
code, or IC tag that is affixed to a container package by a reader or the 
like, and store that information in the database 16c, or to receive an 
electronic medium from a parts manufacturer B on which 
manufacturing-history information is stored, and then input that 
information in the database 16c. 

The construction of the traceabi I i ty-management system S (hereafter 
referred to as the systems) of this embodiment wi 1 1 be explained. As shown 
in Fig. 21, this system S comprises: a data-control device 10 that is 
connected to a communication network I, a sequence terminal 20 that controls 
the sequence of laser marking that is performed on a plural ity of conveyor 
lines 81 (81a, 81b...), control terminals 30 (30a, 30b...) that are located 
on each conveyor I ine 81, laser markers 40 (40a, 40b...) that are control led 
by the control terminals 30, and readers 60 (60a, 60b...) that read 
2-dimensional code that has been marked by the laser markers 40. 

The electrical device 70 is manufactured by assembling in order the 
parts 72 that are conveyed on the conveyor lines 81 (81a, 81b . ) with the 
work that is conveyed on the main conveyor I ine 80 by a robot arm or the 
like (not shown in the figure), and then performing inspection. In the 
embodiment described below, an example is explained in which the product 
is an electrical device 70 that is constructed using a plural ity of parts, 
however, this invention can just as well be applied to a product or part 
that is constructed using a single part or material. 

The parts 72 are conveyed in order on the conveyor lines 81. Laser 
markers 40 are located on each conveyor I ine 81 for marking 2-dimensional 
code 1 on each of the conveyed parts 72. The laser markers 40 mark in order 
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a specified location on the parts 72 that are conveyed on the conveyor I ines 
81 with 2-dimensional code 1 that includes an ID number for accessing the 
manuf actur i ng-h i story i nf ormat i on. 

Also, there is a reader 60 located down line from the laser marker 
40 on each of the conveyor I ines 81. According to a control signal from 
the control terminal 30, this reader 60 reads the 2-dimensional code 1 that 
was marked by the laser marker 40, and sends the read 2-dimensional code 
1 to the control terminal 30. The control terminal 30 checks whether the 
2-dimensional code 1 that was sent from the reader 60 matches the 
2-dimensional code 1 that was marked by the laser marker 40. When it is 
determined from the check results that they do not match, the part 72 that 
was marked with that 2-dimensional code 1 is removed from the conveyor I ine 
81 by a robot arm (not shown in the figure). 

The sequence terminal 20 of this embodiment controls the sequence of 
laser marking that is performed on a plural ity of conveyor I ines 81, however, 
construction is also possible in which this function is performed by the 
data-control device 10. 

The 2-d i mens i ona I code 1 of th i s embod i ment is formed using dot marking 
by the laser marker 40, so it is possible to form 2-dimensional code 1 with 
good precision on parts 72 having extremely small dimensions, as well as 
parts 72 having very large dimensions. Also, since a laser marking method 
i s used, i t i s poss i b I e to perform mark i ng d i r ect I y on the product or parts. 

In the conventional method it was not possible to affix information 
or the I ike that was related to an ID number, detai Is about the material, 
manufacturing conditions, etc., to very small parts, however, with this 
invention, it is possible to mark even very smal I parts with 2-dimensional 
code that includes an ID number. Therefore, it becomes possible to manage 
the traceability of almost all of the parts 72 of the electrical device 
70. 

Moreover, in this invention, laser marking is performed directly on 
the parts 72, so when compared with adhering printed 2-dimensional code 
1, or directly printing 2-dimensional code 1 on the parts 72, problems such 
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as the printed code peal ing or the printed area fading over time does not 
occur, so is preferable. Also, since marking is performed be a laser beam, 
there is no need for consumable products such as in the case of adhering 
printed material or the like, which is also preferable. 

Next, Fig. 23 wi 1 1 be used to explain the operating process of this 
system. First, in the process of acquiring manufacturing-history 
information, the manufacturing-history information for parts 72 that is 
obtained over the communication network I is stored in the database 16c 
(S21). Then, using the input unit 12, the operator specifies an ID number 
for each conveyor line 81 for identifying the manufacturing-history 
i nf ormat i on for each of the respect i ve conveyed parts 72 (S22) . I dent i f y i ng 
the manufacturing-history information corresponding to the conveyed parts 
72 is performed using a delivery number, etc. 

In the process of creating 2-di mens iona I code, the data-control device 
10 converts the ID numbers specified for each of the conveyor lines 81, 
and forms 2-d i mens i ona I code 1, then as shown in Fig. 22A, correlates the 
unit cells for the black cells 2a and white cells 2b of the light-dark 
pattern of the 2-d i mens i ona I code 1 w i th 0 and 1 , respect i ve I y, and as shown 
in Fig. 22B, forms 2-di mens iona I matrix data 3 having 1 bit per eel I (S23). 

Next, in the process for setting parameters, the operator uses the 
input unit 12, and taking into consideration the size of the marking area 
on the parts 72, inputs and sets the size of the 2-d i mens i ona I code 1, then 
based on the size of the 2-di mens iona I code 1, and in addition to size 
information such as the size of one eel I as shown in Fig. 25, the processing 
diameter for the beam spot and the number of beam spots in one eel I that 
is suitable for the material being processed, specifies optimal values for 
the laser power, Q switch frequency, dot-i r radiation time, number of 
irradiations, laser wavelength, and the like based on the parameter 
information 16d (S24). 

In other words, since the reaction values of the laser differ according 
to the mater i a I be i ng marked, the d i ameters of the dots 5 be i ng formed d i f f er 
even when irradiated with a beam spot having the same diameter and same 
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output, so the processing diameter of the beam spot is set beforehand 
according to type of material being processed and the size of the dots 5 
being formed, and based on that, the number of vertical and horizontal (n, 
m) dots 5 arranged in 1 eel I, and the distance between dots 5 are set. That 
is, when marking 2-di mens iona I code 1 that includes identical data (as will 
be described below), it is possible to suitably set the size of the 
2-d i mens i ona I code 1 according to the size of marking area on the parts 
72. 

Next, the aforementioned size information for 1 eel I is combined with 
the 2-di mens iona I matrix data 3 having 1 bit per cell, and in the order 
of scann i ng, is converted to process data i n wh i ch the beam-spot coord i nates 
are saved. The process up to this point is performed by the data-control 
device 10, and it sends the converted process data and a control signal 
to the sequence terminal 20 (S25). At this time, all of the coordinate 
data for the dots 5 formed by beam irradiation are identified. 

Also, in the marking process (S26), the sequence terminal 20 creates 
a sequence for the processing order of process data. In other words, the 
sequence is set so that the process data is transferred to the control 
terminals 30a, 30b in parallel as shown in Fig. 21, and marking is performed 
at the same time, or so that the process data is transferred in series as 
shown in Fig. 24, and sent to the control terminal 30b that is waiting for 
processing. That is, with the construction shown in Fig. 21, the control 
terminals 30 are directly connected to the sequence terminal 20, and each 
control terminal 30 performs marking control in para I lei at the same time. 
On the other hand, with the construction shown in Fig. 24, the control 
terminals 30 are connected in series, and laser marking is performed by 
the laser marker 40 at specified time intervals. 

After the process data, in which the beam spot coordinates are saved 
in the order of scanning, is transferred to the control terminals 30a, 
30b... in paral lei in this way, the laser markers 40a, 40b... irradiate laser 
beams on the display surfaces of the respective materials, and arrange the 
dots 5 vertical ly and horizontal ly as shown in Fig. 26A to form black eel Is 
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2a, and areas that are not irradiated by the laser beam become white eel Is 
2b f to form 2-dimensional code 1. The size of the eel Is 2 are regulated, 
and dots 5 are arranged along the outer edges of the eel Is 2, with the number 
of dots arranged inside the cells also being regulated, so it is possible 
to construct accurate black cells 2a. 

The 2-dimensional code 1 that is laser marked in this way is read by 
a reader 60 that is located down line from the laser marker 40, and the 
2-dimensional code 1 that is read is sent to the control terminal 30. The 
control terminal 30 checks whether or not the 2-dimensional code 1 has been 
properly marked. In other words, the control terminal 30 checks whether 
or not the 2-dimensional code 1 that is sent from the reader 60 matches 
the 2-dimensional code 1 that is marked by the laser marker 40. When it 
is determined that they match, that part 72 is assembled in the work on 
the conveyor line 80 in the manufacturing process (S26) f however, when it 
is determined that they do not match, that part 72 is removed from the 
conveyor line 81 by a robot arm or the like (not shown in the figure). 

Fig. 26A shows an example of 2-dimensional code 1 in which dots 5 are 
arranged 4 x 4 in one eel I . On the other hand, Fig. 26B shows an example 
of the same 2-dimensional code 1 in which only one dot is set in one eel I. 
In Fig. 26B, the dots 5 have the same processing diameter as in Fig. 26A. 
In other words, the vertical and horizontal length of the 2-dimensional 
code 1 in Fig. 26B is 1/4 the vertical and horizontal length of the 
2-dimensional code 1 in Fig. 26A. In this way, it is possible to express 
the same information using 2-dimensional code 1 having different sizes. 

Also, by accurately controlling the beam-spot coordinates, it is 
possible to perform marking of 2-dimensional code 1 with highly precise 
dot 5 placement, so even when 2-dimensional code 1 having a very minute 
size is set, it is possible to maintain high reading precision. 

I n the embod i ment descr i bed above, the data converted to 2-d i mens i ona I 
code was an ID number for a part 72, however, the invention is not I i mi ted 
to this, and in the case of large parts or the I ike for which a large marking 
area can be maintained, it is possible to convert and mark the 
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manufacturing-history information itself as 2-d i mens i ona I code. In that 
case, by reading the 2-d i mens i ona I code 1 that is attached to a part that 
is identified as a defective part, it is possible to immediately know the 
manufacturing-history information, and thus making it possible to quickly 
respond to inquiries or claims regarding the product quality. Also, it 
is possible to perform laser marking of 2-d i mens i ona I code 1 of most all 
of the parts 72 of the electrical device 70, or to perform laser marking 
of 2-d i mens i ona I code 1 for just the major parts. 

As was described above, laser marking 2-d i mens i ona I code 1 that 
expresses an ID number is performed directly on the parts 72 of the 
electrical device 70, so when trouble occurs, by identifying the part 72 
that is the cause of the trouble, it is possible immediately and surely 
access manufacturing-history information stored in the database 16c based 
on the 2-d i mens i ona I code 1 attached to that part 72. 

In this way, it is possible to know the date of manufacture, the 
manufacturing line number, product number, number of the manufacturing 
supervisor, I ot number of the part used, inspection results, shipment tray 
number, and the I ike of the part 72 that is the cause of the trouble; thus 
making it possible to quickly trace the origin, distribution route, 
manufacturing process, and the I ike of that part 72. Also, by finding the 
reason that caused the part to be defective, in the next manufacturing 
process it is possible to adjust, repair or improve the trouble in the 
manufacturing equipment to eliminate defective parts, thus making it 
possible to lower the overal I cost for manufacturing the electrical device 
70. Moreover, it is possible to lower the cost for handling claims and 
performing customer service. 

Also, since it is possible to attach minute 2-dimensional code 1 to 
the parts 72 by laser marking, it is possible to mark most a 1 1 of the parts 
72, from very small-sized parts 72 to very large-sized parts, with 
2-dimensional code 1. This makes it possible to immediately obtain 
manufacturing-history information even for extremely small parts 72 that 
were difficult to trace quickly with the prior art. 
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Moreover, in the embodiment described above, a laser marker 40 and 
reader 60 were located on each conveyor I ine 81 that suppl ies parts 72 to 
the main conveyor line 80, however, the invention is not limited to this, 
and as shown in Fig. 27, construction is also possible in which a laser 
marker 40 and reader 60 are located on a special conveyor line 82 for 
marking. 

In this case, parts 72 that are delivered from parts manufacturers 
B are placed on the conveyor line 82, and the laser marker 40 marks them 
with 2-dimensional code 1 that is sent from the data-control device 10 via 
the sequence terminal 20. Also, the reader 60 reads the laser marked 
2-dimensional code 1, and the control terminal 30 determines whether or 
not marking was performed correctly. The connection between the sequence 
terminal 20 and each of the control terminals 30 can be such that they are 
connected in parallel as shown in Fig. 27A, or can be such that they are 
connected in series as shown in Fig. 27B. 

Industrial Appl icabi I ity 

With the invention described above, it is possible to form 
2-dimensional code having a specified code size using simple device 
construction regardless of the amount of information such as text or images 
that are written in the code. Therefore, it is possible to attach 
2-dimensional code having a size suitable to the object being marked. 

Also, when cell size is changed, it is possible to store different 
amounts of information in 2-dimensional code having the same size, so it 
becomes possible to attach 2-dimensional code having the desired 
information without being limited by the surface area of the location to 
be marked. 

Furthermore, when the code size and number of cells are specified, 
it is possible to form 2-dimensional code having the specified code size 
and number of eel Is and to improve the reading precision regardless of the 
amount of information. 

With this invention, laser marking is performed using dots, somarking 
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errors such as protruding out from the left or right of the marking area, 
or creation of blank areas are prevented, and thus it is possible to create 
high-quality 2-d i mens i ona I code. Also, since laser marking is performed 
using dots, by having one dot per eel I, for example, it is possible to form 
extremely minute 2-d i mens i ona I code, and thus it is possible to attach 
2-d i mens i ona I code to even very small electronic parts. 

Moreover, since laser marking is performed using dots, by specifying 
the step size or number of dots, it is possible to create 2-d i mens i ona I 
code having a desired density. Furthermore, since laser marking is 
performed using dots, it is possible to reduce the effect of marking on 
the material more than in vector marking, in which laser marking of the 
material being marked is performed continuously, and thus it is possible 
to obtain finished marking that has excellent resistance to weather, 
corrosion and impact. 

Also, in this invention, using laser marking, it is possible to 
directly mark 2-d i mens i ona I code, which includes an ID number that makes 
it possible access manufacturing-history information, or 2-d i mens i ona I 
code that includes a large amount of information (manufacturing-history 
information) such as material and manufacturing conditions, finished 
product quality, etc. on individual parts of a product. Since the size 
and amount of space available for marking varies for each individual part, 
the size of the 2-d i mens i ona I code is set to correspond to them. This makes 
it possible to perform laser marking of 2-d i mens i ona I code on all of the 
parts, from very small -si zed parts to very large-sized parts. 

Therefore, when a defective part is the cause of trouble with a product, 
by reading the 2-d i mens i ona I code that is attached to the part, it is 
possible to immediately access the manufacturing-history information for 
that part. This makes it possible to greatly shorten the tracing time for 
accessing the manufacturing-history information, and makes it possible to 
access that manufacturing-history information. Also, by reflecting the 
manufacturing-history information for a part that was obtained in this way 
in the manufacturing process of the product, it is possible to effectively 
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avoid manufacturing a defective product. Moreover, when marking 
2-dimensional code that includes a large amount of information such as 
material and manufacturing conditions, finished product qua I ity, etc., it 
is possible to know the manufacturing-history information by directly 
reading the 2-dimensional code without having to access 
manufacturing-history information that is stored separately, and thus it 
is possible to quickly respond to inquiries, claims or the I ike regarding 
product qua I ity. 
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